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-Marty Rubin C ardiovascular disease remains the leading cause of death in men and women in the United States. Over the past 2 decades, both clinicians and researchers have paid increased attention to the problem of cardiovascular disease in women, with some improvements in the recognition of the problem and in outcomes. Historically, women with acute coronary syndrome (ACS) have had worse outcomes. However, with the improvement in the availability of revascularization and application of guideline-directed therapies for both sexes, the gap in outcomes between men and women has been closing. 1 
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During the same period of time, we have learned more about the sex differences in cardiovascular risk factor profiles, coronary anatomy, and physiology. Women presenting with symptomatic coronary artery disease (CAD) tend to have larger burden of cardiovascular risk factors, especially of current smoking and metabolic syndrome, and a higher Framingham Risk Score. 2 Coronary atherosclerosis in women is characterized not only by smaller plaque burden but also by smaller size of coronary arteries. [1] [2] [3] [4] [5] [6] Therefore, due to smaller luminal size women may develop symptoms even with smaller plaque burden or thrombus load. The observational studies that examined coronary plaque morphology differences in men and women have been far from conclusive, some suggesting lower prevalence of plaque ruptures and thin-cap fibroatheroma (TCFA), higher prevalence of plaque erosions in women and others showing no significant differences. 4, [7] [8] [9] [10] Interestingly, the sex differences in plaque size and morphology were more pronounced in younger patients and attenuated in patients >65 years of age. 2, 10 In addition to coronary plaque morphology, there were also differences in coronary flow characteristics, with women having higher fractional flow reserve values for any given stenosis and higher degree of mismatch between fractional flow reserve measurements and luminal size. 1 Studies demonstrated higher prevalence of coronary microvascular dysfunction with coronary flow reserve <2.5, especially in perimenopausal women. 1 In patients with early atherosclerosis without obstructive CAD, men had more structural and functional abnormalities in epicardial coronary arteries, whereas women had greater microvascular dysfunction independent of epicardial endothelial function. 11 In contrast, a more recent study using quantitative flow measured by positron emission tomography in a large population with no evidence of ischemia failed to show differences in coronary flow reserve between men and women. 12 Finally, nonatherosclerotic causes of symptoms such as coronary vasospasm, coronary dissection, and stress-induced cardiomyopathy were more often observed in women. 1 In summary, although there has been increasing understanding of differences and similarities in CAD characteristics between men and women, more information is needed to tailor therapies and improve outcomes in women.
In this issue of Circulation: Cardiovascular Imaging, Kataoka et al 13 report the analysis of sex differences in nonculprit coronary plaques as determined by frequency-domain optical coherence tomography (OCT) in a large population of patients who underwent clinically indicated cardiac catheterization and OCT. The authors included both patients with stable CAD and ACS. The main study findings were similar in both patients with stable CAD and ACS, women exhibited higher prevalence of plaque erosion, lower prevalence of plaque rupture, smaller extent of lipid expressed as lipid arc, and lower prevalence of cholesterol crystals and calcifications. Interestingly, there were no differences in the prevalence of TCFA, fibrous cap thickness, and microchannels between sexes. The authors also provided supplemental analysis in culprit lesions and observed similar differences between women and men. TCFA were located predominantly in proximal vessel segments in men, whereas they were more evenly distributed between proximal and distal segments in women. Despite the morphological differences in coronary plaques, there was no difference in major cardiovascular event rate during ≈2 years of follow-up.
The authors leveraged the advantage of high-spatial resolution imaging with OCT (10-20 μm) and were able to provide detailed morphological information, including cap thickness, plaque rupture, cholesterol crystals, microchannels, and most importantly plaque erosions, which cannot be reliably detected with other intravascular imaging techniques. 14 The major disadvantage of OCT is the limited depth of penetration, which precludes measurements of plaque burden and plaque volume. Previous studies using intravascular ultrasound imaging showed lower plaque volume and plaque burden in women when compared with men. 5, 6 The authors of this study were unable to measure plaque burden and to adjust for this parameter in their analysis. Therefore, the relative contribution of detailed morphological characteristics versus plaque burden to differences between sexes could not be compared. Interestingly, a recent study by Bharadwaj et al, 7 in which authors performed OCT, intravascular ultrasound and near-infrared spectroscopy in patients with stable CAD, showed a trend toward lower plaque burden in women but did not find difference in detailed morphological characteristics assessed by OCT (plaque rupture, TCFA, cap thickness, and lipid arc). The results of the study by Kataoka et al 13 are also discordant with other studies in patients with ACS that demonstrated no significant differences in culprit plaque characteristics of women and men as assessed by OCT. 8, 9 However, the authors in all of those studies focused on the evaluation of culprit and stenotic plaques, and plaque erosions were only evaluated in 1 study. 8 In the PROSPECT trial (Providing Regional Observations to Study Predictors of Events in the Coronary Tree), virtual histology intravascular ultrasound analysis of all 3 coronary arteries showed less extensive CAD and lower number of nonculprit lesions in women. 4 Nonculprit lesions in women had less frequent plaque rupture, smaller necrotic core and calcium, and smaller lumens, but similar plaque burden. The study also suggested that TCFA might be a stronger marker of plaque vulnerability in women when compared with men. In ADAPT-DES study (Assessment of Dual Anti Platelet Therapy With Drug Eluting Stents) with intravascular ultrasound imaging, men had more often plaque ruptures, but the difference between men and women was attenuated with increasing age. 10 The discordance of the differential coronary plaque findings between women and men in this study when compared with the previous studies raises the question of generalizability. Indeed, one of the important limitations of the article by Kataoka et al, 13 and other papers published on this topic, is the highly selective nature of the studied population, which limits the generalizability of the results. In this study, of 3108 patients who underwent percutaneous coronary intervention at the authors' institution, 2497 were ineligible for OCT imaging based on the exclusion criteria. OCT imaging was performed only in the target vessel; therefore, we do not know about plaque characteristics in nonculprit vessels. The authors only performed analysis in plaque with at least 20% stenosis visualized during invasive coronary angiography; areas with no angiographic evidence of disease were not analyzed.
The finding of higher prevalence of plaque erosion in women is perhaps the most important and novel finding of this study. 13 OCT has the best sensitivity and specificity among intravascular imaging techniques for the detection of plaque erosions. 15 These results add to the body of evidence from pathology studies in patients who died from sudden cardiac death. In those studies, plaque erosion was more frequent in women when compared with men and in younger women when compared with older women. 16 Plaque erosion was also associated with less severe narrowing, less calcification, and less plaque burden and thrombus when compared with ruptured plaques. The higher prevalence of plaque erosion in women may, in part, explain higher frequency of ACS without obstructive CAD at the time of invasive coronary angiography.
Noninvasive imaging such as coronary computed tomographic angiography can also detect severity and extent of CAD and detailed coronary plaque morphology. In the analysis from CONFIRM (Coronary Computed Tomography Angiography Evaluation for Clinical Outcomes: An International Multicenter Registry), the authors did not find differences between sexes in the predictive value of stenosis, extent of coronary plaque, and coronary artery calcium for major adverse cardiovascular events. 17 However, coronary computed tomographic angiography could provide more detailed analysis of high-risk plaque features (eg, positive remodeling, presence and volume of low computed tomographic attenuation plaque, napkin-ring sign, spotty calcium, and plaque burden), and those features were associated with the increased risk of ACS and future major adverse cardiovascular events. [18] [19] [20] In future studies, we will need to analyze sex differences of detailed coronary plaque features in larger population with sufficient number of outcomes to better understand whether sex-specific plaque characteristics can be detected by noninvasive imaging. Unfortunately, some of the microscopic features of coronary plaque (eg, plaque erosion, cholesterol crystals, and fibrous cap thickness) are beyond the spatial resolution of noninvasive imaging. Therefore, it will be important to evaluate the relationship of microscopic features with other morphological characteristics of coronary plaques, which are within the reach of noninvasive imaging.
In summary, the results of the study by Kataoka et al 13 showed that the difference between men and women could be still invented; however, major questions remain to be answered. The generalizability and confirmation of the findings in less selected population will be important. Ultimately, we will need a noninvasive method for the detection of coronary plaque morphology to include sex-specific assessment of plaque in clinical practice. Furthermore, the finding of differences will be meaningless unless we can find sex-specific interventions that will improve outcomes. These limitations do not decrease the value of the study by Kataoka et al 13 but rather stimulate further research to better understand coronary atherosclerosis differences in women and men. Thus, "the difference between men and women is getting harder and harder to invent", but it will be important to pursue this quest.
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